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(54) Tire with silica reinforced tread and/or sidewall components 



(57) The present invention relates to the preparation 
of rubber compositions for tire tread and tire sidewall 
component applications. A tire is provided having tread 
of such composition designed for relatively heavy loads 
such as, for example, truck tires. A tire having a sidewall 
of such composition is also provided. Such tire compo- 
nent rubber compositions are of rubber compositions re- 



inforced with precipitated silica and selected carbon 
black in specified amounts and prepared with a pre- 
scribed order of addition to the rubber composition and 
composed of elastomers as a specific combination of 
natural or synthetic cis 1 ,4-polyisoprene rubber together 
with cis 1 ,4-polybutadiene rubber or with a combination 
of cis 1 ,4-polybutadiene rubber and trans 1 ,4-polybuta- 
diene rubber. 
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D scriptton 

Field 

5 [0001] This invention relates to rubber compositions for tire tread and tire sidewall component applications prepared 
by a sequential addition of precipitated silica and specified carbon blacks to the rubber composition. In one aspect, 
the tire tread is designed to be used under relatively heavy loads such as, for example, truck tires. Such tire component 
rubber compositions are of rubber compositions reinforced with precipitated silica and specified carbon black and 
composed of specified elastomers. 

10 

Background 

[0002] Rubber compositions for tire treads intended for use under heavy loads, such as for example truck tires, may 
be reinforced with precipitated silica and carbon black and may be composed of various elastomers. 
is [0003] However, for such tires, special considerations usually need to be made for their tire tread rubber composi- 
tions. 

[0004] For example, passenger tire treads are normally used with a desired balance of relatively low rolling resistance 
for fuel economy, treadwear and relatively high traction for control on the road surface. 

[0005] However, truck treads are normally designed for use with relatively heavy loads and the traction quality of the 
20 rubber composition is usually not as significant since the higher loads placed on the tire itself adds to the traction of 
the tire tread on the road surface. 

[0006] Also, significantly, such truck tire treads are usually desirably composed of rubber compositions which are 
designed to have less internal heat build-up to reduce the running temperature of the tire tread. Such rubber compo- 
sitions often exhibit less traction between the tread and the road surface, relying more on the load in the tire to enhance 
25 the tread's traction characteristic. 

[0007] Accordingly, for truck tire treads, special attention is normally placed on selection of the rubber reinforcement, 
including selection of carbon black reinforcement, as well as the selection of elastomers to be used with the specified 
reinforcement for the reduction in heat build-up quality normally desired. 

[0008] It is recognized that it is well known to use various materials, and amounts of various individual materials, for 
30 tire treads such as, for example, precipitated silica, selected carbon black reinforcement, rubber processing oil, as well 
as individual elastomers, including natural rubber, cis 1 ,4-polybutadiene rubber and trans 1 ,4-polybutadiene rubber. 
[0009] However, for truck tire treads, designed to effectively carry large loads, it is considered herein that the selection 
of materials is more material-specific as well as more combination-of-materials specific. 

[0010] In another aspect of the invention, tires with side walls of a specified rubber composition prepared by a pre- 
35 scribed order of addition of carbon black and precipitated silica is also provided. 

[0011] For tire sidewalls as well as tire treads, it is recognized that cis 1 ,4-polybutadiene rubber has been suggested 
for use in their rubber compositions. 

[0012] However, it is believed to be generally known that the use of relatively high levels of the cis 1 ,4-polybutadiene 
rubber in rubber compositions which also contain a relatively high concentration of carbon black reinforcement usually 
40 results in an undesirably low tear resistance (tread strength). 

[0013] Tear resistance of a rubber composition is usually a very important rubber property for both tire treads and 
tire sidewalls. 

[0014] Exemplary of suggestions for use of trans 1 ,4-polybutadiene in various rubber compositions for various tire 
components, including tire treads, are, for example, US-A- 5,174,838 and 5,386,865. 
45 [001 5] It is appreciated that some forms of trans 1 ,4-polybutadiene are eiastomeric in nature and some forms, usually 
depending somewhat upon their microstructure, actually exhibit at least one melting point and, thus, are more like a 
thermoplastic resin in their unvulcanized state and prior to mixing with elastomers. They might sometimes, therefore, 
be referred to herein in their unvulcanized state as a "trans 1 ,4-polybutadiene resin". 

[001 6] Upon blending and upon sulfur vulcanizing with various sulfur vulcanizable elastomers, such trans 1 ,4-polyb- 

50 utadiene resins apparently become eiastomeric in nature. 

[0017] This invention is primarily directed to a discovery, for tire tread and for tire sidewall purposes, of the use of 
material-specific combinations of known natural rubber or synthetic natural rubber, together with selected butadiene 
based elastomer(s) in combination with specific particulate reinforcements and processing oil in specified amounts, 
wher in the precipitated silica and carbon black are r quired to b provided in a pr scrib d ord r of addition. It is 

55 beli v d the described preparation of that such mat rial-specific combinations, which specify defined amounts of such 
materials, is novel and inventive, particularly for such truck tire treads. 

[0018] The rubb r composition itself, dep nding largely upon the selection of carbon black, may also be us ful as 
a tire sidewall or other tire components or in rubber tracks, conveyor belts or other industrial product applications. 
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[0019] In the description of this invention, the terms 'rubber* and 'elastomer' if used herein, may be used inter- 
changeably, unless otherwise prescribed. The terms "rubber composition', "compounded rubber' and 'rubber com- 
pound', if used herein, are used interchangeably to refer to "rubber which has been blended or mixed with various 
ingredients and materials" and such terms are well known to those having skill in the rubber mixing or rubber com- 
5 pounding art. 

[0020] In the description of this invention, the term "phr" if used herein, and according to conventional practice, refers 
to "parts of a respective material per 100 parts by weight of rubber, or elastomer' which in this invention is intended to 
include the aforesaid trans 1,4-polybutadiene resin. 

[0021] A reference to an elastomer's Tg refers to a "glass transition temperature' which can conveniently be deter- 
io mined by a differential scanning calorimeter at a heating rate of 10°C per minute. 

[0022] A polymer's melting point, particularly the said trans 1 ,4-polybutadiene resin-type unvulcanized polymer, can 
conveniently be determined by use of a differential scanning calorimeter at a heating rate of 10°C per minute. Such 
method of melting point determination is well known to those skilled in such art. 

[0023] A preparation of a trans 1,4-polybutadiene resin and its characterization may readily be found in US-A- 
*5 5,089,574. 

Summary and Practice of the Invention 

[0024] In accordance with this invention, a method of preparing a rubber composition is provided which comprises, 
based upon 1 00 parts by weight (phr) of diene-based elastomers, (A) blending (1 ) 20 to 60 phr of cis 1 ,4-polyisoprene 
elastomer having a Tg in a range of -65°C to -75°C and (2) 40 to 80 phr of (a) trans 1 ,4-polybutadiene rubber having 
a Tg in a range of -70°C to -80°C and cis 1 ,4-polybutadiene rubber having a Tg in a range of -100°C to -110°C in a 
weight ratio of trans 1,4-polybutadiene to cis 1 ,4-polyisoprene in a range of 3/1 to 1/3 or (b) cis 1,4-polybutadiene 
rubber having a Tg in a range of -100°C to -110°C, (B) 40 to 80 phr of carbon black and precipitated silica reinforcing 
filler comprised of 20 to 60 phr of precipitated silica and 1 5 to 60 phr of carbon black and (C) at least one silica coupling 
agent having a moiety reactive with silanol groups on the surface of the said silica and an additional moiety interactive 
with the said elastomers and (D) zero to 10, alternatively 5 to 10, phr of rubber processing oil; wherein said carbon 
black is selected from a first carbon black having a DBP value in a range of 1 00 to 1 50 cc/1 00 gm and an Iodine Number 
in a range of 90 to 150 g/kg or a second carbon black having a DBP value in a range of 65 to 1 30 cc/1 00 gm and an 
Iodine Number in a range of 25 to 85 g/kg; 

wherein said method comprises (1) blending said elastomers and carbon black, exclusive of silica and of sulfur 
curative, in an internal rubber mixer in a first preparatory internal rubber mixing stage for a period of 1 to 10 minutes 
to a temperature in a range of 150°C to 180°C, (2) blending said precipitated silica and silica coupling agent, exclusive 
of carbon black and of sulfur curative, in at least one internal rubber mixer in an additional, subsequent preparatory 
internal rubber mixing stage for a period of one to 10 minutes to a temperature of 100°C to 180°C; wherein said oil, if 
used, may be added either with the carbon black and/or with the silica, and (3) blending sulfur with curative(s)in an 
internal rubber mixer in a final internal rubber mixing stage for a period of one to 4 minutes to a temperature in a range 
of 80°C to 130°C; wherein said rubber composition is removed from said internal rubber mixer at the conclusion of 
each mixing stage and cooled to a temperature below 40°C. 

[0025] In further accordance with this invention, a rubber composition prepared by such method is provided. 
[0026] In additional accordance with this invention, such rubber composition is provided as a sulfur vulcanized rubber 
composition. 

[0027] In further accordance with this invention, a rubber composition is provided as being prepared by the method 
of this invention wherein said carbon black is said first carbon black and, further, a tire is provided having a tread of 
such rubber composition. 

[0028] In further accordance with this invention, a rubber composition is provided as being prepared by the method 
of this invention wherein said carbon black is said second carbon black and, further, a tire is provided having at least 
one component of its sidewall as such rubber composition. 

[0029] Therefore, in one aspect of the invention a rubber composition is prepared in a sequential series of at least 
two separate and individual preparatory internal rubber mixing steps, or stages, in which the diene-based elastomer 
is first mixed wfth the prescribed carbon black, then adding the silica in a subsequent, separate mixing step and followed 
by a final mixing step where curatives are blended at a lower temperature and for a substantially shorter period of time. 
[0030] This sequential mixing, which requires the addition of carbon black and silica in separate mixing step, may 
sometimes be referred to herein as "cascade mixing'. 

[0031] Thus, such mixing method is distinguish d from a simple sequential addition of ingredients in a mixing proc ss 
which utilizes only one preparatory mixing st p followed by a final mixing st p for addition of curatives. It is required 
after each mixing step that the rubber mixture is actually removed from th rubber mixer and cooled to a temperature 
in a range of 50°C to 20°C and then added back to an internal rubber mixer for the next sequential mixing step, or stage. 
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[0032] In practice, the preferred weight ratio of silica to carbon black for the rubber compositions is from 1/1 to 3/1 . 
[0033] It is a significant aspect of the invention that, for the preparation of the rubber composition, the carbon black 
and elastomers are blended in absence of silica and silica coupler following which, and in a separate, subsequent 
mixing step, the silica and silica coupler are blended with the elastomer/carbon black mixture. 
5 [0034] By utilizing such method, it has been observed that as compared to blending the elastomer, carbon black, 
silica and silica coupler in the same mixing step, that the selected target properties for the rubber compositions of this 
patent application are better matched. 

[0035] Another significant aspect of the invention is the selection of carbon black in combination with the aforesaid 
sequential mixing method. In particular, for this invention the first carbon black (a) is required for a tire tread composition 
io and second carbon black (b) is required for a tire outer sidewall rubber composition. 

[0036] In particular, for this invention carbon black (a) is used for a tire tread rubber composition because it promotes 
a relatively high modulus and good abrasion resistance for the rubber composition. 

[0037] Thus, the selection of the carbon black is dependent upon the intended use of the rubber composition. 
[0038] A further significant aspect of this invention is the material-specific utilization of a prescribed combination of 

is known diene-based elastomers, as in particular, cis 1,4-polyisoprene rubber (natural or synthetic, with natural being 
preferred) in combination with either trans 1,4-polybutadiene and cis 1 ,4-polybutadiene rubber, or with cis 1,4-polyb- 
utadiene rubber, in the tire tread rubber composition in a circumstance where the tire tread rubber is reinforced with 
precipitated silica with a defined amount of specified carbon black reinforcement and a minimal amount of rubber 
processing oil, namely a maximum of 10 phr, and preferably zero phr of rubber processing oil. 

20 [0039] The rubber processing oil restriction is considered herein to be significant because higher levels (amounts) 
of processing oil are considered herein to have a negative effect on desired abrasion, modulus and tear resistance 
properties of the rubber composition - which are properties desirable for a tire tread or tire outer sidewall rubber com- 
position. 

[0040] Use of the cis 1 ,4-polyisoprene elastomer, particularly natural rubber, having a relatively very low Tg in a 
25 range of -65°C to -75°C is considered herein to be significant and beneficial for the tire tread as a potential phase 
compatibilizer for the material-specific trans 1,4-polybutadiene and cis 1,4-polybutadiene rubbers having Tg's in a 
range of -75°C to -110°C, particularly when the two polybutadiene rubbers are used in combination with each other. 
[0041] The presence of the trans 1 ,4-polybutadiene rubber in the tread rubber composition is important because it 
allows the use of higher levels (amounts) of polybutadiene rubbers for improved wear (DIN abrasion values) without 
30 loss of tear resistance. 

[0042] It is to be appreciated that the use of the individually prescribed elastomers is not novel for a tire tread rubber 
composition nor a tire outer sidewall rubber composition. The novelty resides in the combination of the material-specific 
elastomers together with material-specific low levels of specified carbon black and low to non-existence levels of rubber 
processing oil combined with the specialized method of preparation of the rubber compositions. 
35 [0043] The use of relatively low levels of the specified carbon black in the prescribed tread rubber composition is 
important because it promotes relatively high rebound values for enhancing (reducing) tire rolling resistance and tire 
durability by promoting a reduced heat build-up and, thus, a cooling running temperature, for a tire tread rubber com- 
position. 

[0044] The selection of a specific, and relatively minimal range of carbon black(s) itself is important because the 
40 higher structured (finer particle size) carbon black (a), characterized by having the relatively high DBP value in a range 
of 110 to 160 and an accompanying Iodine number value in a range of 90 to 150, promotes a higher DIN abrasion 
resistance value for the rubber composition, whereas the lower structured (larger particle size) carbon black (b), char- 
acterized by a significantly lower DBP value in a range of 70 to 140 and an accompanying Iodine number value of. 
from 30 to 90 are considered herein to be better suited for other tire components, particularly an outer sidewall rubber 
45 composition as well as industrial products such as belts and hoses. 

[0045] Representative of such material-specific carbon black (a) for tire treads are, for example N121, N110, and 
N234. It is to be appreciated that use of such carbon blacks for tire tread rubber compositions itself is not novel. The 
novelty resides in use of such carbon blacks with the material-specific combination of elastomers as well as the relatively 
limited use of rubber processing oil in combination of the restrictive method of preparation. 
so [0046] The DBP and Iodine value characterizations for the carbon blacks and the methods for their determination 
may be readily found in The Vanderbilt Handbook, Thirteenth Edition (1990), pages 416-419. 

[0047] It is readily understood by those having skill in the art that the rubber composition of the tread rubber would 
be compounded by methods generally known in the rubber compounding art, such as mixing the various sulfur-vul- 
canizable constituent rubbers with various commonly used additive materials such as, for xampl , curing aids, such 
55 as sulfur, activators, retard rs and accelerators, processing additives, such as oils, resins including tackifying resins, 
silica, and plasticizers, fillers, pigments, fatty acid, zinc oxide, waxes, antioxidants and antiozonants, p ptizing ag nts 
and reinforcing materials such as, for example, silica and carbon black. As known to those skilled in the art, depending 
on the intended use of the sulfur vulcanizable and sulfur vulcanized mat rial (rubbers), the additives mentioned above 
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are selected and commonly used in conventional amounts. 

[0048] In practice, the said trans 1 ,4-polybutadiene resin pr ferabiy has a microstructure characterized by having a 
trans 1,4- content of 80 to 90 percent, a vinyl 1,2-content of 10 to 15 percent and a cis 1,4- content of 1 to 5 percent. 
[0049] Preferably, the said trans 1 ,4-polybutadiene resin is further characterized by having a molecular weight 

5 number average (Mn) in a range of 1 50,000 to 210,000. 

[0050] Such trans 1,4-potybutadiene resin preferably has a heterogeneity index (HI) in a range of 2 to 2.5 which is 
representative of a relatively narrow heterogeneity index (a ratio of its molecular weight number average (Mn) to its 
molecular weight average (Mw). A narrow heterogeneity index is often desirable for various purposes. 
[0051] Preferably the said trans 1 ,4-polybutadiene resin has a melting point in a range of 38°C to 42°C. 

io [0052] Typically, the said trans 1 ,4-polybutadiene has a Tg within a range of -70°C to -80°C. 

[0053] While all aspects of the invention may not be fully understood, it is believed that the aforesaid microstructure 
of the trans 1 ,4-polybutadiene resin contributes substantially to its thermoplastic resin type of properties, particularly 
its rather hard and stiff appearance property at temperatures below 30°C, such as 20°C to 25°C, and its melting point 
property within a temperature range of 30°C to 50 9 C. 

*5 [0054] It is also considered that its characterized molecular weight average (Mn) range as well as its relatively narrow 
heterogeneity index may contribute somewhat to its aforesaid resin-like property prior to mixing it with other elastomers. 
[0055] The forming of a tire component is contemplated to be by conventional means such as, for example, by 
extrusion of rubber composition to provide a shaped : unvulcanized rubber component such as, for example, a tire 
tread. Such forming of a tire tread is well known to those having skill in such art. 

20 [0056] It is understood that the tire, as a manufactured article, is prepared by shaping and sulfur curing the assembly 
of its components at an elevated temperature (e.g. 140°C-180°C) and elevated pressure in a suitable mold. Such 
practice is well known to those having skill in such art. 

[0057] Thus, in a more specific aspect of this invention, depending somewhat upon the aforesaid carbon black se- 
lection, a tire is provided having a tread component, namely an outer, circumferential tread intended to be ground- 
2S contacting, comprised of a rubber composition prepared according to this invention. 

[0058] In a further aspect of this invention, tires with components other than treads as well as components of industrial 
products are contemplated. 

[0059] Representative of such minor amount of additional diene-based elastomers, namely up to a maximum of 5 
phr if used at all, are, for example, vinyl polybutadiene rubbers particularly medium to high vinyl polybutadiene rubbers 
30 containing 30 to 85 percent vinyl 1 ,2- content, styrene/butadiene copolymers whether prepared by aqueous emulsion 
or organic solvent polymerization, isoprene/butadiene copolymers, styrene/isoprene copolymers and styrene/isoprene/ 
butadiene terpolymers. 

[0060] Precipitated silicas are : for example, those obtained by the acidification of a soluble silicate, e.g., sodium 
silicate. Such precipitated silicas are well known to those having skill in such art. 
35 [0061] Such precipitated silicas might be characterized, for example, by having a BET surface area, as measured 
using nitrogen gas, preferably in the range of 40 to 600, and more usually in a range of 50 to 300 square meters per 
gram. The BET method of measuring surface area is described in the Journal of the American Chemical Society, 
Volume 60, page 304 (1930). 

[0062] The silica may also be typically characterized by having a dibutylphthalate (DBP) absorption value in a range 
40 of 1 00 to 400, and more usually 1 50 to 300. 

[0063] The silica is conventionally used in conjunction with a silica coupler to connect the silica with the elastomer 
(s) and, thus, enhance the elastomer reinforcing effect of the' silica. 

[0064] Such coupling agents may, for example, be premixed, or pre-reacted, with the silica particles or added to the 
rubber mix during the rubber/silica processing, or mixing, stage. If the coupling agent and silica are added separately 
4 & to the rubber mix during the rubber/silica mixing, or processing stage, it is considered that the coupling agent then 
combines in-situ with the silica. 

[0065] In particular, such coupling agents are sometimes composed of a silane which has a constituent component, 
or moiety, (the silane portion) capable of reacting with the silica surface, namely, silanol groups on the silica surfac 
and, also, a constituent component, or moiety, capable of reacting with the rubber, particularly a sulfur vulcanizabl 

so rubber which contains carbon-to-carbon double bonds, or unsaturation. In this manner, then the coupler acts as a 
connecting bridge between the silica and the rubber and thereby enhances the rubber reinforcement aspect of the silica. 
[0066] Numerous coupling agents are taught for use in combining silica and rubber such as, for example, silan 
coupling agents containing a polysulfide component, or structure, such as, for example, a bis(3-alkoxysifylalkyl) 
polysuffide where the alkyl radicals for the alkoxy group are selected from m thyl and ethyl radicals, th alkyl radical 

55 for the silane portion are selected from ethyl, propyl and butyl radicals and the polysuffidic bridge contains an averag 
or (a) from 2 to 6, and an average of from 2.1 to 2.8, sulfur atoms or (b) from 2 to 8, and an average of from 3.5 to 4.5 
sulfur atoms. A r presentative example of such coupling agent is bis-(3-triethoxysilylpropyl) polysulfide having (a) from 
2 to 6, and an average of from 2.1 to 2.8, sulfur atoms in its polysulfidic bridge or (b) from 2 to 8, and an average of 
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from 3.5 to 4.5 sulfur atoms in its polysulfidic bridge. 

[0067] It is readily understood by those having skill in the art that the rubber composition would be compounded by 
methods generally known in the rubber compounding art, such as mixing the various sulfur-vulcanizable constituent 
rubbers with various commonly used additive materials such as, for example, curing aids such as sulfur activators, 
retarders and accelerators, processing additives, such as oils, resins including tackifying resins, silicas, and plasticizers, 
fillers, pigments, fatty acid, zinc oxide, waxes, antioxidants and antiozonants, peptizing agents and reinforcing materials 
such as., for example, carbon black. As known to those skilled in the art, depending on the intended use of the sulfur 
vulcanizable and sulfur vulcanized material (rubbers), the additives mentioned above are selected and commonly used 
in conventional amounts. 

[0068] An amount of processing aids for a practice of this invention may be zero to 10 phr. Such processing aids 
can include, for example, aromatic, naphthenic, and/or paraffinic processing oils. Typical amounts of antioxidants com- 
prise 1 to 5 phr. Representative antioxidants may be, for example, diphenyl-p-phenylenediamine and others such as, 
for example, those disclosed in The Vanderbilt Rubber Handbook (197S), pages 344-346. Typical amounts of antio- 
zonants comprise 1 to 5 phr. Typical amounts of fatty acids, if used which can include stearic acid, comprise 0.5 to 3 
phr. Typical amounts of zinc oxide comprise 1 to 5 phr. Typical amounts of waxes comprise 1 to 5 phr. Often microc- 
rystalline waxes are used. Typical amounts of peptizers comprise 0.1 to 1 phr. Typical peptizers may be, for example, 
pentachlorothiophenol and dibenzamidodiphenyl disulfide. 

[0069] The vulcanization is conducted in the presence of a sulfur vulcanizing agent. Examples of suitable sulfur 
vulcanizing agents include elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example, an amine 
disulfide, polymeric polysulfide or sulfur olefin adducts. Preferably, the sulfur vulcanizing agent is elemental sulfur. As 
known to those skilled in the art, sulfur vulcanizing agents are used in an amount ranging from 0.5 to 4 phr, or even, 
in some circumstances : up to 8 phr, with a range of from 1 .5 to 2.5, sometimes from 2 to 2.5, being preferred. 
[0070] Accelerators are used to control the time and/or temperature required for vulcanization and to improve the 
properties of the vulcanizate. In one embodiment, a single accelerator system may be used, i.e., primary accelerator. 
Conventionally and preferably, a primary accelerator(s) is used in total amounts ranging from 0.5 to 4, preferably 0.8 
to 1.5, phr. In another embodiment, combinations of a primary and a secondary accelerator might be used with the 
secondary accelerator being used in smaller amounts (of 0.05 to 3 phr) in order to activate and to improve the properties 
of the vulcanizate. Combinations of these accelerators might be expected to produce a synergistic effect on the final 
properties and are somewhat better than those produced by use of either accelerator alone. In addition, delayed action 
accelerators may be used which are not affected by normal processing temperatures but produce a satisfactory cure 
at ordinary vulcanization temperatures. Vulcanization retarders might also be used. Suitable types of accelerators that 
may be used in the present invention are amines, disulfides, guanidines, thioureas, thiazoles, thiurams, sulfenamides, 
dithiocarbamates and xanthates. Preferably, the primary accelerator is a sulfenamide. If a second accelerator is used, 
the secondary accelerator is preferably a guanidine, dithiocarbamate or thiuram compound. 

[0071] The presence and relative amounts of the above additives, with an exception of the rubber processing oil, 
are not considered to be an aspect of the present invention which is more primarily directed to the preparation of tire 
treads of a rubber composition which is quantitatively reinforced with silica, with only a minimum of carbon black, and 
which contains a cis 1 ,4-polyisoprene rubber with cis 1 ,4-polybutadiene rubber or a combination of trans 1 ,4-polybuta- 
diene and cis 1 ,4-polybutadiene rubber, particularly where the prescribed mixing process is used. 
[0072] The mixing of the rubber composition can preferably be accomplished by the aforesaid cascade mixing proc- 
ess. For example, the ingredients may be mixed in at least three stages, namely, at least two non-productive (prepar- 
atory) stage followed by a productive (final) mix stage. The final curatives are typically mixed in the final stage which 
is conventionally called the "productive" or "final" mix stage in which the mixing typically occurs at a temperature, or 
ultimate temperature, lower than the mix temperature(s) of the preceding non-productive mix stage(s). The terms "non- 
productive" and "productive" mix stages are well known to those having skill in the rubber mixing art. 
[0073] In one aspect of the invention, it is desired to provide a sulfur vulcanized (cured) diene-based rubber compo- 
sitions which can have the following combination of threshold physical properties tor use in tire treads which may 
sometimes be referred to herein as "Target Properties". Such properties are represented in the following Table A: 



so 



ss 



Table A 



Target Properties 


Values 


Modulus, 300%, MPa 


at least 7.5, and in a range of 7.5 to 1 4 


Rebound at 100°C a range 


at least 52, and in a range of 52 to 70% 


Hardness, Shore A (100°C) 


at least 54, and in a range of 54 to 72 


Abrasion, DIN (cc) 


maximum of 62, and in a range of 25 to 62 
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Table A (continued) 



5 



Target Properties 


Valu s 


E' at 0°C (MPa) 


at least 24, and in a range of 24 to 50 


Tear Resistance, 95°C(N) 


at least 150, and in a range of 150 to 350 



[0074] These Target Properties are considered significant because they relate to desired physical properties, par- 
ticularly for predicting suitable tire tread performance. 
70 [0075] In particular, a modulus of greater than 7.5 MPa (a range of 7.5 to 1 4 MPa) is important because it is considered 
herein to relate to better (less) abrasion and better handling characteristics. 

[0076] A Rebound value at 100°C of at least 52 percent (a range of 52 to 70 percent) is important because it is 
considered herein to relate to better (reduced) tire heat build-up and rolling resistance characteristics. 
[0077] A Shore A hardness value at 100°C of at least 54 (a range of 54 to 72) is important because it is considered 
75 herein to relate to better tire handling and greater abrasion resistance (less wear) characteristics. 

[0078] A DIN abrasion resistance of a maximum of 62 cc (a range of 25 to 62 cubic centimeters) is important because 
it is considered herein to relate to a better (reduced) treadwear characteristic. 

[0079] An E' value at 0°C of greater than 24 MPa (a range of 24 to 50 MPa) is important because it is considered 
herein to relate to an improved (less) irregular treadwear characteristic. The E' value, as it is well known to those having 

20 skill in relevant art, relates to low strain rubber composition stiffness. 

[0080] The tear resistance (peel adhesion test) value of at least 1 50 (a range of 1 50 to 350) is important because it 
is considered herein to relate to better (reduced) tire tread chip chunking and fatigue wear characteristics. 
[0081] In practice, while it is considered herein that the above-referenced rubber composition target properties are 
individually significant for relating to specifically desired tire characteristics, it is a desirable feature of this invention 

2$ that all of the above target properties are obtained for a rubber composition by the practice of this invention. 

[0082] The invention may be better understood by reference to the following examples in which the parts and per- 
centages are by weight unless otherwise indicated. 

EXAMPLE I 

30 

[0083] In this Example, the rubber compositions shown in Table 1 were prepared in an internal rubber mixer (a 
Banbury mixer) using either (1 ) a two-stage mixing process (identified herein as the Sample A) or (2) a cascade three- 
stage mixing process in which carbon black reinforcement is mixed with the elastomer(s) in a first mixing stage followed 
by mixing therewith, in a separate, second mixing stage, silica and silica coupler (identified herein as Sample B). 
35 [0084] In particular, the two-stage mixing process utilized two separate, sequential stages of addition of materials, 
namely, a non-productive mix stage (at higher temperature and without curatives), followed by a final productive mix 
stage (at a lower temperature and with the addition of curatives). Such sequential rubber mixing process is well known 
to those having skill in such art. 

[0085] The non-productive (without curatives) rubber composition (Sample A) was mixed for three minutes to a tem- 
40 peratureof 160°C. In a subsequent and final, productive mixing stage, curatives were added and the rubber composition 
was mixed two minutes to a temperature of 120°C. 

[0086] Sample B utilized a cascade mixing procedure which involved three separate, sequential mixing stages of 
addition of materials (in an internal rubber mixer), namely, two sequential non-productive stages followed by a produc- 
tive mix. In particular, for the first non-productive stage, natural rubber and cis 1 ,4-polybutadiene were mixed with the 
45 carbon black and other compounding materials for three minutes to a temperature of 1 60°C. In the second, sequential, 
non-productive mixing stage, silica and coupling agent are added to the composition obtained from the first non-pro- 
ductive stage while mixing for three minutes to a temperature of 160°C. The composition from the second non-pro- 
ductive stage was then mixed in a final productive stage with curatives for a period of two minutes to a temperature of 
120°C. 

so [0087] Table 1 illustrates the ingredients used for preparing the rubber compositions of Samples A and B. 



Table 1 


Sample 




» i 


B 


1 st Non-Productive 


Natural Rubber 1 


50 | 


50 


1 . Natural rubber (cis 1 .4-pofytsoprene rubber) - as TTR20 


- Technical Thai Rubber. 

7 
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Table 1 (continued) 



Sample 


A I 


• 


1 st N n-Productive 


Cis 1 ,4-polybutadiene 2 


50 


50 


Silica 2 


30 


0 


Coupling Agent 4 


6 


0 


Carbon Black 5 


30 


30 


Aromatic Processing Oil 


10 


10 


Wax 6 


1.5 


1.5 


Zinc Oxide 


3 


3 


Fatty Acid 7 


3 


3 


2nd Non-Productive Mixing 


Silica 8 


0 


30 


Coupling Agent 4 


0 


6 


Productive 


Sulfenamide Accelerator 


1.3 


1.3 


Sulfur 


1 


1 


Antidegradents 9 


3.5 


3.5 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



2. High cis 1 .4 -poly butadiene rubber (BUDENE® 1 208) from The Goodyear Tire & Rubber Company. 

3. Zeosil 1165 MP from Rhone-Poulenc. 

4. X50S from Degussa AG as a 50/50 mixture of bis-(3-triethoxysilylpropyt) tetrasulfide and carbon black and. thus, is 50% active as a coupling agent. 

5. N1 21 . SAF carbon black. 

6. Microcrystalline/paraftinic mixture. 
1 . Primarily stearic acid. 

8. Obtained as Zeosil 1165 MP from Rhone-Poulenc. 

9. Amine type antioxidant/antiozonants. 

[0088] The rubber compositions of Table 1 were cured for 36 minutes at 150°C. Various resulting physical properties 
are shown in the following Table 2. 

Table 2 



Sample 


A 


B 


Mix Procedure 


Standard 


Cascade 


Rheometer, 150°C 


Max. Torque, dNm 


14.1 


18.1 


Min. Torque, dNm 


4.0 


4.0 


Delta Torque, dNm 


10.1 


14.1 


Tgrj, minutes 


21 


21.5 


Stress-Strain 


Tensile Strength, MPa 


18.3 


18.9 


Elongation @ Break, % 


641 


654 


100% Modulus 


1.5 


1.8 


300% Modulus 


6.7 


7.5 
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w 



15 



20 



25 



30 



35 



Table 2 (continued) 



Sample 


A 


i ° 


Rebound 


100°C, % 


54 


I 53 


Hardness 


Shore A, 100°C 


50 


I 54 


Rheovibron 


E* @ 60°C 


8.7 


13.5 


E* @ 0°C 


16.0 


24.4 


Tan. Delta @ 60°C 


.150 


.137 


Tan. Delta @ 0°C 


.153 


.138 


Abrasion 


DIN | 


36 | 


35 


Tear Resistance (N) 


Peel Adhesion, 95 °C | 


389 | 


312 



[0089] Before evaluating the cured properties of the compositions shown in Table 2, it is important to reiterate the 
desired Target Properties (Table A), namely, a 300% modulus of at least 7.5 MPa (7.5-14 range), Rebound at 100°C 
of at least 52% (52-70% range), Shore A hardness of at least 54 (54-72 range), DIN abrasion value below 62 err* 
( nf./ a ? 9e) " 3 v,scoelas,ic modulus value, E' of at least 24 (24-50 range) at 0°C and a peel adhesion tear resistance 
at 95°C of at least 150 Newtons (150-350 range). 

[0090] The Sample A composition prepared by the two-stage mixing process did not meet those targets because of 
low values for 300% Modulus (6.7 MPa), hardness (50) and viscoelastic modulus E' @ 0"C (16 MPa) 
[0091] The relative physical properties of the Sample B, however, prepared by the prescribed three-stage cascade 
mixing process, where carbon black is mixed in a separate mixing stage prior to addition of silica and coupler meet 
all the referenced Target Properties and represents a preferred mixing process for the preparation of the compounds 
for this invention. r 

[0092] The superior vulcanizate properties of Sample B compared to Sample A were not expected, without experi- 
mentation, since both rubber compositions contained the same ingredients in the same proportions. *- 

EXAMPLE II 



40 



45 



SO 



[0093] In this Example, rubber compositions similar to those described in Example I were prepared using a cascade 
mixing procedure as described for the preparation of Sample B in Example I. This mixing procedure utilized thre 
separate, sequential stages of addition of materials, namely, two sequential non-productive stages followed by a pro- 
ductive stage. In this example, the order of addition of fillers was examined, namely, carbon black in the first non- 
productive stage followed by silica in the second non-productive stage (Samples C and D) or silica in the first non- 
productive stage followed by carbon black in the second non-productive stage (Sample E) 

[0094] The rubber composition was mixed in the non-productive mixing stages for three minutes each to a temper- 
ature of 160»C, unless it was "heat treated" such as for Samples D and E where the mixing time of the non-productiv 
stage in which silica was added was extended for 7 minutes while a temperature of 160°C was maintained 
[0095] This use of a constant mixing temperature was achieved by varying the rotor speed of the internal mixer and 
is referred to herein as a 'heat treatment". In this manner, for Sample D, heat treatment was applied to the second 
non-productive stage, whereas for Sample E, heat treatment was applied to the first non-productive stage Productive 
stages were mixed as described in Example I. 
[0096] Table 3 describes the rubber compositions for this Example. 



ss 
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Table 3 



Sample 


C | D 


E 


1 st Non-Productiv 


Natural Rubber 1 


50 


50 


50 


Cis 1 ,4-Polybutadiene 2 


50 


50 


50 


Silica 3 


0 


0 


30 


Coupling Agent 4 


0 


0 


6 


Carbon Black 5 


30 


30 


0 


Aromatic Processing Oil 


10 


10 


10 


Wax 6 


1.5 


1.5 


1.5 


Zinc Oxide 


3 


3 


3 


Fatty Acid 7 


3 


3 


3 


2 nd Non-Productive 


Silica 


30 


30 


0 


Coupling Agent 4 


6 


6 


0 


Carbon Black 


0 


0 


30 


Productive 


Sulfenamide Accelerator 


1.3 


1.3 


1.3 


Sulfur 


1 


1 


1 


Antidegradents 9 


3.5 


3.5 


3.5 



35 



1 . Natural rubber (cis 1 .4-polyisoprene rubber) - as TTR20 - Technical Thai Rubber. 

2. High cis 1 .4- poly butadiene rubber (BUDENE® 1 208) from The Goodyear Tire & Rubber Company. 

3. Zeosil 1165 MP from Rhone-Poulenc. 

4. X50S from Degussa AG. as a 50/50 mixture of bb-{3- triethoxysily Ipropyl) tetrasultidc and carbon black and. thus, is 50% active as a coupling agent. 

5. N1 21 SAF carbon black. 

6. Microcrystalfine/parafTinic mixture. 

7. Primarily stearic acid. 

8. Obtained as Zeosil 1165 MP from Rhone-Poulenc. 

9. Amine type antioxidant/antiozonants. 



[0097] The rubber compositions ot Table 3 were cured for 36 minutes at 1 50°C. Various resulting physical properties 
are shown in the following Table 4. 



Table 4 



Sample 


C 


D 


E 


Carbon Black Addition Stage 


1 


1 


2 


Silica Addition Stage 


2 


2 


1 


Heat Treatment Stage 


None 


2 


1 


Rheometer, 


150°C 






Max. Torque, dNm 


15.6 


14.3 


14.7 


Min. Torque, dNm 


3.5 


2.8 


3.2 


D Ita Torque, dNm 


12.1 


11.5 


11.5 


T 90 , minutes 


19 


17 


17.5 
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30 



35 



40 



Table 4 (continued) 





Sample 


I « 


I » 


1 « 


5 


Stress-Strain 




Tensile Strength, MPa 


19.2 


19.9 


18.7 




Elongation @ Break, % 


621 


586 


597 




100% Modulus 


1.9 


1.8 


1.9 


10 


300% Modulus 


8.3 


9.0 


8.6 




Rebound 






100 0 C, % | 


59 


63 I 


56 


15 


Hardness 


Shore A, 100 3 C | 


55 | 


54 I 


54 




Abrasion 




DIN | 




33 I 


31 


20 


Tear Resistance (N) 




Peel Adhesion, 95°C | 


235 | 


,71 I 


210 



[0098] All three samples in Table 4 exhibit properties in the range of Table A target values. Sample C (no heat 
trea ment) and Sample D (heat treated in the second non-productive stage) both were prepared by the same sequence 
of filler addition, namely, carbon black addition in the first non-productive stage and silica addition in the second non- 
fo5^ e H Heat ,reatment of Sam P |e D P rovided a somewhat higher rebound value compared to Sample C 
(63 /c vs 59 /o) and somewhat improved abrasion resistance value (less wear) (33 vs. 37), but had poorer tear resistance 
(.ess resistance to tear) (171 vs. 235). Heat treatment of these cascade mixed samples is, thus, not cbssS 
critical to obtaining the target properties of this invention. 

Jf^ thS P^ pertie l S ° f Sample D (carbon black addition in first stage, silica addition in second stage) and 
Sample E silica addition in first stage, carbon black addition in second stage) are quite similar. Both of these samples 

07? ^210? ° hads ° mewhat hi9her rebound value than Sam P'e E (63 vs. 58), but worse tear resistance 

\T°°L , How f ever ' the mixin 9 se q"ence utilized for Sample C and D is preferred over that utilized for Sample E since 
the addition ofcarbon black in the first stage followed by silica in the second stage provides superior processing behavior 
of the non-productive and productive compounds compared to the reverse order of filler addition. Samples C and D 
were ess fragmented when dumped (removed) from the internal mixer and had better subsequent milling behavior 
(sheeting out from a two-roll mill). M 

EXAMPLE III 



is 



[0101] In this Example, a rubber composition containing carbon black and silica fillers was prepared with natural 
rubber, cis 1, 4-polybutadiene and trans 1,4-polybutadiene. 

[0102] The rubber composition contained the materials shown in Table 5 and was prepared using the three-staqe 
cascade mixing process described in Example I. a 

\nT\ „ ThiS Tk, 03 ^ 0 " W3S h6a ' ,r6a,ed ThS com P° srtion « ""erred to herein as Sample F and is illustrated 
in me following Table 5. 



so 



ss 



Table 5 


Sample 


I 


1 st Non-Productive 


Natural Rubber 1 


20 


Cis 1,4-Polybutadiene 2 


50 







2. High cis 1 .4-polybutadiene rubber (BUDENE® 1 208) from The Goodyear Tire & Rubber Company. 
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Table 5 (continued) 



Sample 


F 


1st Non-Pr ductiv 


Trans 1 ,4-Poiybutadiene 3 


30 


Carbon Black 6 


30 


Aromatic Processing Oil 


10 


Wax 7 


1.5 


Zinc Oxide 


3 


Fatty Acid 8 


3 


2 nd Non-Productive 


Silica 4 


30 


Coupling Agent 5 


6 


Productive 


Sulfenamide Accelerator 


1.3 


Sulfur 


1.0 


Antidegradents 9 


3.5 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



3. High trans 1 .4- poly butadiene rubber (experimental polymer: 80% trans). 

4. Zeosil 1165 MP from Rhone-Poulenc. 

5. X50S from Degussa AG. as a 50/50 mixture of bis-(3-triethoxysilylpropyl) tetrasulfide and carbon black and, thus, is 50% active as a coupling agent. 

6. N121 SAF carbon black. 

7. MicrocrystaJline/paraffinic mixture. 

8. Primarily stearic acid. 

9. Amine type antioxidant/antiozonants. 

[0104] Sample F is similar to Sample B in Table 1 , but 30 phr of the NR (natural rubber) is replaced with 30 phr of 
trans 1 ,4-polybutadiene (trans-BR) to provide an elastomer composition of 20/50/30 natural rubber/cis 1,4-polybuta- 
diene/trans 1 ,4-polybutadiene. 

[0105] The rubber composition of Table 5 was cured for 36 minutes to 150°C. Physical properties are shown in the 
following Table 6. 

Table 6 



Sample 


F 


Natural Rubber 


20 


Cis-BR 


50 


Trans-BR 


30 


Stress-Strain 


Tensile Strength, MPa 


16.7 


Elongation @ Break, % 


583 


100% Modulus 


2.1 


300% Modulus 


7.7 


Rebound 


100°C, % 


56 



55 
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Table 6 (continued) 



Hardness 


Shore A, 100°C 


[ 60 


Rheovibron 


E' @ 60°C 


17.9 


E' @ O'C 


48.5 


Tan. Delta @ 60°C 


.118 


Tan. Delta @ 0°C 


.113 


Abrasion 


DIN 


29 


Tear Resistance 


Pee! Adhesion, 95°C | 


168 



[0106] Sample F containing 30 phr trans-BR along with 20 phr NR and 50 phr cis-BR exhibited a much higher vis- 
coelastic modulus, E' at 0°C than Sample B (50 phr NR/50 phr cis-BR) of Table 1 (48.5 vs. 24 4 MPa) as well as higher 
hardness (60 vs. 54) and rebound (56 vs. 53). All of the physical properties of Sample F meet the target properties 
[0107] Therefore, it may be concluded that addition of trans-BR to the rubber compositions of this invention provides 
the required target properties with the benefit of very high viscoelastic modulus value and high hardness. 

EXAMPLE IV 



[0108] In this Example, rubber compositions were prepared which contained 50 phr of natural rubber and 50 phr cis 
1 ,4-polybutadiene with carbon black and/or precipitated silica reinforcement. 

[0109] The rubber compositions contained the materials shown in Table 7 and were prepared in an internal rubber 
mixer as in Example I for the three-stage cascade mix procedure. 

[0110] The rubber compositions are referred to herein as Samples G-K. In particular, Sample G contained 60 phr of 
a SAF carbon black, Sample K contained 60 phr silica and Samples H, I and J contained blends of carbon black and 
silica. 
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Table 7 





Sample 


G 


H 


■ 




K 




1 st Non-Productive 


5 


Natural Rubber 1 


50 


50 


50 


50 


50 




Cis 1 ,4-Polybutadiene 2 


50 


50 


50 


50 


50 




Silica 3 


0 


0 


0 


15 


30 


10 


Coupling Agent 4 


0 


2 


4 


2 


4 




Carbon Black 5 


30 


30 


30 


15 


0 




Nicotinamide 


2 


2 


2 


2 


2 




Aromatic Processing Oil 


5 


5 


5 


5 


5 


15 


Wax6-* 


1.5 


1.5 


1.5 


1.5 


1.5 




Zinc Oxide 


3 


3 


3 


3 


3 




Fatty Acid 


3 


3 


3 


3 


3 


20 


2 nd Non-Productive 




Silica 7 


0 


15 


30 


30 


30 




Carbon Black 


30 


15 


0 


0 


0 


25 


Coupling Agent 4 


0 


2 


4 


4 


4 


Productive 




Sulfenamide Accelerator 


1 


1 


1 


1 


1 




Sulfur 


1 


1 


1 


1 


1 


30 


Ant id e grade nts 8 


3.5 


3.5 


3.5 


3.5 


3.5 



1 . TTR20 - Technical Thai Rubber. 

2. High cis 1 ,4-polybutadiene rubber (BUDENE® 1208) from The Goodyear Tire & Rubber Company. 

3. Zeosil 1165 MP from Rhone- Poulenc. 

4 . X50S from Degussa AG. as a 50/50 mixture of bis-(3-triethoxysily Ipropyl) tetrasulfide and carbon black and, thus, is 50% active as a coupling agent. 
35 5. N121 SAF carbon black. 

6. Microcrystalline/paraffinic mixture. 

7. Obtained as Zeosil 1165 MP from Rhone-Poulenc. 

8. Amine type antioxidant/antiozonants. 



40 [0111] The rubber composition of Table 7 were vulcanized (cured) for 36 minutes to a temperature of 1 50°C. Physical 
properties are shown in the following Table 8. 

Table 8 



55 



Sample 


G 


H 


1 


J 


K 


Carbon Black 


60 


45 


30 


15 


0 


Silica 


0 


15 


30 


45 


60 


Coupling Agent (50% active) 


0 


2 


. 4 


6 


8 


Rheometer, 150°C 


Max. Torque, dNm 


50.7 


49.3 


45 


46.9 


53 


Min. Torque, dNm 


18.0 


16.7 


134 


15.8 


21 


Delta Torque, dNm 


32.7 


32.6 


31.6 


31.1 


32 


Tgo- minutes. 


10.5 


11.5 


16 


20 


26.5 
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Table 8 (continued) 



Sampl 


i ° 


i » 


I 


I ' 


I K 


Str ss-Strain 


Tensile Strength, MPa 


18.7 


18.3 


18.2 


17.5 


17.1 


Elongation @ Break, % 


500 


482 


529 


570 


664 


100% Modulus 


2.6 


2.7 


2.5 


2.2 


2.0 


300% Modulus 


11.3 


11.5 


10.3 


9.0 


7.3 


Rebound 




100°C, % 


51.8 


55.9 


57.3 


53, 


! 56.4 


Hardness 


Shore A, 100°C 




e 2 


., 




63 


Rheovfbron 


E* @ 60°C, MPa 


30.1 


22.2 


20.0 


18.0 


21.5 


E* @ 0°C, MPa 


44.7 


37.9 


30.0 


26.4 


33.0 


Tan. Delta @ 60°C 


.107 


.119 


.109 


.105 


.105 


Tan. Delta @ 0°C 


.094 


.113 


.106 


.111 


.107 


Abrasion 


DIN | 


50 | 


53 


56 I 


53 I 


65 


Tear Resistance (N) 


Peel Adhesion, 95°C | 


122 | 


127 


154 | 


165 j 


224 



[0112] The properties of Samples G and H did not meet the target values of Table A because of low values for tear 
resistance, namely, 122 and 127 Newtons, respectively. Sample G also had a rebound value of 51 8 which is below 
the target value. Sample K also did not meet these targets because of a low 300% modulus value 7 3 MPa and a 
higher DIN abrasion value, 65. ' ' 

[0113] The properties of Samples I and J met all of the Target values and indicate optimum properties in a 50/50 
blend of natural rubber and cis 1 .4-polybutadiene when the total of carbon black and silica was 60 phr and the ratio of 
silica to carbon black is 1/1 to 3/1 . 



40 



45 



EXAMPLE V 

[0114] In this Example, rubber blend compositions were prepared which contained 40 to 60 phr natural rubber and 
correspondingly 60 to 40 phr cis 1 , 4-polybutadiene rubber together with 30 phr carbon black and 30 phr silica Two 
types of carbon blacks (SAF and HAF) and two types of silica were used for evaluation 

[0115] The rubber compositions are shown in Table 9 and were prepared using the cascade mixing procedures of 

Example I. 

[0116] The rubber compositions are identified herein as Samples L-P. 



Table 9 



so 



55 



Sample 


i ^ 


i « 


I N 


o I 


P 


1 st Non-Productive 


Natural Rubber 1 


40 


50 


60 


50 | 


50 


Cis 1 ,4-Polybutadiene 2 


60 


50 


40 


50 | 


50 



1 . TTR20 - Technical Thai Rubber. 

2. BUDENE® 1208 from The Goodyear Ttre & Rubber Company. 
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Table 9 (continued) 





Sample | 


L 


M | 


N 


° 


P 




1 st Non-Productive 


5 


CB A 3 


30 


30 


30 


0 


30 




CBB 4 


0 


0 


0 


30 


0 




Aromatic Processing Oil 


5 


5 


5 


5 


5 


10 


Nicotinamide 


2 


2 


2 


2 


2 




Wax 


1.5 


1.5 


1.5 


1.5 


1.5 




Zinc Oxide 


3 


3 


3 


3 


3 




Fatty Acid 


3 


3 


3 


3 


3 


15 


2 nd Non-Productive 




Silica A 5 


30 


30 


30 


30 


0 




Silica B 6 


0 


0 


0 


0 


30 


20 


Coupling Agent 


5 


5 


5 


5 


5 




Productive 




Sulfenamide Accelerator 


0.8 


0.8 


0.8 


0.8 


0.8 


25 


Sulfur 


0.8 


0.8 


0.6 


0.8 


0.8 


Antidegradants 


3.5 


3.5 


3.5 


3.5 


3.5 




Hexamethv!ene-tetramine 


2 


2 


2 


2 


2 



3. N121 SAF carbon black. 

4. N347 HAF carbon black. 



30 5. Zeosil 1165 MP from Rhone-Poulenc. 

6. Hi-Sil 210 from PPG. 

[0117] Various physical properties of the sulfur cured rubber compositions are shown in the following Table 10. 
35 Table 10 



40 



Sample 


L 


M 


N 


O 


P 


NR/cts-BR 


40/60 


50/50 


60/40 


50/50 


50/50 


CB-A/CB-B 


30/0 


30/0 


30/0 


0/30 


30/0 


Silica A/Silica B 


30/0 


30/0 


30/0 


30/0 


0/30 


Rheometer, 150°C 


Max. Torque, dNm 


43.5 


398 


41 


40.5 


44 


Min. Torque, dNm 


13.6 


12.0 


12.5 


12 


13 


Delta Torque, dNm 


29.9 


27.8 


28.5 


28.5 


31 


Tgo, minutes. 


17.0 


17 


16.5 


15 


19.5 


Stress-Strain 


Tensile Strength, MPa 


16.5 


18.1 


18.8 


17.5 


18.0 


Elongation @ Break, % 


544 


558 


551 


540 


564 


100% Modulus 


2.3 


2.2 


2.4 


2.4 


2.4 


300% Modulus 


9.0 


9.3 


10.2 


9.8 


9.4 
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Table 10 (contin u ed) 



5 



Rebound 


100°C, % 


| 53 


55 


I 55 


I 56 


i « 


Hardness 


Shore A, 100°C 


61 


| 58 


I 59 


I 5 9 


1 6, 


Rheovibron 


E' @ 60°C, MPa 


20.8 


19.2 


21.0 


17.8 


19.9 


E* @ 0°C, MPa 


33.2 


29.6 


30.7 


30.2 


30.7 


Tan. Delta @ 60°C 


.124 


.122 


.111 


.118 


.109 


Tan. Delta @ 0°C 


.112 


.115 


.108 


.120 


.106 


Abrasion 




DIN | 


47 


62 


-i 


58 I 


61 


Tear Resistance (N) 


Peel Adhesion, 95°C J 


171 


178 | 


161 


156 | 


205 



[0118] All of the rubber compositions, with the exception of Sample N in Table 10, exhibit the required target prop- 
erties. Sample N has a DIN abrasion value above the Target Property value and would be expected to have a treadwear 
rating (greater wear) below that of the other samples This would indicate that the upper limit for the natural rubber 
content is below 60 phr. 



Claims 



1 . A method of preparing a rubber composition characterized by comprising, based upon 1 00 parts by weight (phr) 
of d.ene-based elastomers, (A) blending (1 ) 20 to 60 phr of cis 1 ,4-polyisoprene elastomer having a Tg in a range 
of -65°C to -75°C and (2) 40 to 80 phr of (a) trans 1 ,4-polybutadiene rubber having a Tg in a range of -70'C to - 
80"C and cis 1 ,4-polybutadiene rubber having a Tg in a range of -100°C to -110°C in a weight ratio of trans 
1 ,4-polybutadiene to cis 1 ,4-polyisoprene in a range of 3/1 to 1/3 or (b) cis 1 ,4-polybutadiene rubber having a Tq 
in a range of -100°C to -110»C. (B) 40 to 80 phr of carbon black and precipitated silica reinforcing filler comprised 
of 20 to 60 phr of precipitated silica and 15 to 60 phr of carbon black and (C) at least one silica coupling agent 
having a moiety reactive with silanol groups on the surface of the said silica and an additional moiety interactive 
with the sa.d elastomers and (D) zero to 10 phr of rubber processing oil; wherein said carbon black is selected 
from a first carbon black having a DBP value in a range of 100 to 150 cc/1 00 gm and an Iodine Number in a range 
of 90 to 150 g/kg or a second carbon black having a DBP value in a range of 65 to 1 30 cc/1 00 qm and an Iodine 
Number in a range of 25 to 85 g/kg; 

wherein said method comprises (1) blending said elastomers and carbon black, exclusive of silica and of 
sulfur curative, in an internal rubber mixer in a first preparatory internal rubber mixing stage for a period of one to 
10 minutes to a temperature in a range of 150»C to 180°C. (2) blending said precipitated silica and silica coupling 
agent, exclusive of carbon black and of sulfur curative, in at least one internal rubber mixer in an additional sub- 
sequent preparatory internal rubber mixing stage for a period of one to 10 minutes to a temperature of 150>C to 
180°C; wherein said oil, if used, may be added either with the carbon black and/or with the silica, and (3) blending 
sulfur curative(s) with in an internal rubber mixer in a final internal rubber mixing stage for a period of one to 4 
minutes to a temperature in a range of 80°C to 130°C; wherein said rubber composition is removed said internal 
rubber mixer at the conclusion of each mixing stage and cooled to a temperature below 4&C. 

2. The method of claim 1 characterized in that said coupling agent is a bis(3-trialkoxysilylalkyl) polysulfide wherein 
the alkyl radicals of the alkoxy groups are selected from methyl and ethyl radicals, the alkyl radical of the silane 

ss portion is selected from ethyl, propyl and butyl radicals; and wherein the polysulfide bridge contains (a) from 2 to 

6, and an average of from 2. 1 to 2.8, sulfur atoms or (b) from 2 to 8, and an averag of from 3.5 to 4.5, sulfur atoms. 

3. The method of any of the preceding claims characterized in that said diene-based lastomers are cis 1 ,4-polyiso- 



3S 



40 



4S 



SO 
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prene, said trans 1 ; 4-polybutadiene and said cis 1,4-pofy butadiene. 

4. The method of any of claims 1-2 characterized in that said diene-based elastomers are cis 1,4-polyisoprene and 
cis 1 ,4-polybutadiene. 

5 

5. The method of any of the preceding claims characterized in that said carbon black is said first carbon black. 

6. The method of any of claims 1 -4 characterized in that said carbon black is said second carbon black. 

io 7. The method of any of the preceding claims characterized in that the rubber processing oil is used in an amount of 
from 5 to 10 phr. 

8. A rubber composition characterized by being prepared by the method of any of the preceding claims. 

is 9. A rubber composition prepared by the method of any of preceding claims 1 -8 characterized by being sulfur vul- 
canized. 

10. A tire characterized by having a tread of the rubber composition of claim 9. 
20 11. A tire characterized by having at least a portion of a sidewall as the rubber composition of claim 8 or 9. 



25 



30 



35 



40 



45 
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